interbody fusion (MI-TLIF) as well as lateral lumbar interbody fusion (LLIF) are both used for arthrodesis in the lumbar spine. The traditional open TLIF was first described by Harms and Rolinger in 1982. 30 MI-TLIF was then popularized by Foley et al. in 2003 . 23 LLIF was first described in 2006 by Ozgur et al., though variations existed before then. 64, 106 Advantages of the LLIF procedure include minimal blood loss, decreased postoperative pain, and a more robust discectomy, though direct decompression of the neural elements is not possible through the classic LLIF approach. Conversely, MI-TLIF offers good visualization of neural elements, thus allowing for direct decompression of the posterior elements.
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Complications for MI-TLIF have previously been described in the literature. 103, 107 Most frequent surgical complications include durotomy and malpositioned hardware. 26 In contrast, durotomy for LLIF is relatively rare. However, lumbar plexopathies encompassing transient hip flexion weakness and transient sensory deficits are a wellknown complication of the retroperitoneal approach to the lumbar spine. 4 In this study, we perform a systematic review of the literature, comparing complication rates of LLIF and MI-TLIF procedures.
methods literature search and inclusion criteria
This systematic review was conducted according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 57 We identified articles published up to May 2015 through search of the PubMed database. The search strategy was used in 2 separate components. The search strategy for publications regarding MI-TLIF was ("TLIF" OR "transforaminal lumbar interbody fusion") AND ("minimally invasive" OR "MIS"). The search strategy for publications regarding LLIF was "DLIF" OR "XLIF" OR "LLIF" OR "transpsoas" OR "lateral lumbar interbody fusion" OR "extreme lateral interbody fusion" OR "direct lateral interbody fusion." In addition, manual checks through the reference lists were performed. Only articles written in the English language were included. We only used studies that provided new data on a minimum of 10 patients. Studies that did not specifically mention complications were not included. Publications that were from the same institutions or senior authors were evaluated for any potential overlap in data sets. In these situations, the study with the largest number of patients or largest reported number of complications was included in the study, and the remaining studies were excluded. Publications that combined other fusion procedures in the analysis such as posterior lateral interbody fusion or anterior lumbar interbody fusion were also excluded.
data extraction and outcome measures
We extracted the following data from each report: first author name, last author name, date of publication, number of patients, number of levels fused, medical complications, infectious complications, intraoperative complications, reoperations, temporary neurological deficit, permanent neurological deficit, and sensory deficit. In addition, the number of subsidences was recorded for LLIF studies, and the number of hardware failures was recorded for MI-TLIF procedures. Pain was not considered a complication and was eliminated from this study. Durotomies were considered intraoperative complications. Permanent neurological deficits were defined as motor deficit present at last follow-up. Studies that did not specifically mention the number of levels operated on were presumed to be single-level surgeries. Risk of bias was evaluated for each study at the time of data extraction, and it was noted that there was a risk for publication bias in this present study. Total complication rate was the primary outcome of the study. It was noted that follow-up time was variable between studies, as was specific mention of each category of complication that was recorded. In studies that did not specifically mention each category of complication, but did mention that there were no other complications noted grossly, these variables were presumed to be zero for the primary analysis. Studies that did not make any specific mention of lack of complications were excluded from this analysis. Secondary outcome measures included rates of specific complications such as sensory deficit, temporary neurological deficit, permanent neurological deficit, in- traoperative complication, medical complications, wound complication, hardware failure, subsidence, and reoperation. In the analysis of secondary outcome measures, studies that did not make specific mention of each complication were excluded.
statistical Analysis
Demographic data and other noncomparative data were generated utilizing simple descriptive statistics. Comparative univariate outcomes were evaluated for differences utilizing t-test, z-test, contingency tables, and Pearson's chi-square. Statistical analysis was performed using SPSS Statistics 22. Statistical significance was defined at a level of p < 0.05.
results study selection
For the review of MI-TLIF complications, 266 studies were identified through database searching. No additional studies were found manually. All studies had abstracts screened and assessed for eligibility. Seventy-one studies were deemed to be eligible and underwent full-text review. Seventeen studies were excluded after full-text review. Reasons for exclusion included lack of complication outcomes, reused data sets from other publications, study samples smaller than 10 persons, studies with mixed data sets of MI-TLIF and other fusion techniques that were not separated in the results of the study, and patient selection limited to those only with complications. Studies that did not use tubular retractors but used a "mini-open" procedure were excluded. A total of 54 studies, consisting of prospective cohorts, retrospective cohorts, and case series, were included in the study. The search flow diagram is shown in Fig. 1 .
For review of the LLIF complications, 336 studies were identified through database searching. No additional studies were found manually. All studies had abstracts screened and were assessed for eligibility. Seventy-three studies were deemed to be eligible and underwent full-text review. Thirty-one studies were excluded after full-text review. Reasons for exclusion included lack of complication outcomes, reused data sets from other publications, study samples of fewer than 10 persons, studies with mixed data sets of LLIF and other fusion techniques that were not separated in the results of the study, patient selection limited to those only with complications, and studies that involved the thoracic spine or thoracolumbar junction. A total of 42 studies, consisting of prospective cohorts, retrospective cohorts, and case series, were included in the study. The search flow diagram is shown in Fig. 2 .
study characteristics and outcomes
The relevant characteristics for each included study are summarized in Table 1 and Table 2 , respectively, for MI-TLIF and LLIF. Primary outcome (total complications) and secondary outcomes are shown in Table 3 . A total of 9714 patients (5454 in the MI-TLIF group and 4260 in the LLIF group) were included in the study. A total of 13,230 levels were fused, with 6040 in the MI-TLIF group and 7190 in the LLIF group. On average, there were 1.11 levels fused in the MI-TLIF patients compared with 1.69 levels fused in the LLIF patients (p < 0.001). The primary outcome of total complications showed 1045 in the MI-TLIF group and 1339 in the LLIF group. The total complication rate per patient was 19.2% in the MI-TLIF group, and 31.4% in the LLIF group (p < 0.001).
Significant differences for specific complications were observed between LLIF and MI-TLIF (Table 3 ). There were statistically more sensory deficits (p < 0.0001) as well as temporary (p < 0.0001) and permanent neurological (p < 0.0001) deficits per patient with LLIF. Conversely, there were more intraoperative (p = 0.0003) and wound (p = 0.034) complications with MI-TLIF. No significant differences in medical complications (p = 0.201) or reoperation (p = 0.29) were found. Intraoperative complications included occurrences such as durotomies, hardware or k-wire fractures, anterior longitudinal ligament rupture (unintentional during LLIF), abdominal wall paresis, vertebral body fractures bowel injuries, and vascular injuries. Medical complications included arrhythmias, deep venous thrombosis or pulmonary embolisms, urinary retention, 
discussion
This systematic review of all studies defining complications in both MI-TLIF and LLIF procedures demonstrates that both procedures have an acceptable complication profile. Although LLIF did have an overall significantly higher complication rate per patient as compared with MI-TLIF (31.4% vs 19.2%), analysis of specific complications were not uniformly in favor of MI-TLIF.
The most significant differences in complications were noted in sensory deficits (27.08% for LLIF and 20.16% for MI-TLIF) and temporary neurological deficit (9.40% for LLIF and 2.22% for MI-TLIF). There was, however, significant heterogeneity in individual reports of these conditions. Aichmair et al. reported sensory deficits in 78.8% of patients and transient neurological deficits in 21.8% of patients with LLIF. 6 Other studies have suggested that transient thigh numbness and mild hip flexion weakness are a result of the surgical technique of LLIF and should not be considered a complication. 74 Most reports showed these deficits to be temporary and not morbid, although Lykissas et al. did note a 6.7% rate of permanent neurological deficit. 51 To combat this, Uribe et al. suggested the use of triggered electromyography (EMG) during the procedure as well as minimizing psoas retraction time.
99,100
The present study was not able to distinguish if a lower rate of complication exists in procedures that used EMG. Intraoperative EMG has also routinely been used in MI-TLIF with mixed results.
9,25 Bindal and Ghosh evaluated 25 consecutive patients undergoing MI-TLIF and based on EMG redirected the trajectory of the pedicle access needle in 76.2% of the screw placements. 9 However, there was no comparative group. Conversely, in a retrospective comparative study of 73 patients who underwent MI-TLIF with neurophysiological monitoring to 39 patients who had no monitoring, no significant difference in malpositioning of screws were identified.
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LLIF did show a significantly lower risk of intraoperative complications (1.93% for LLIF vs 3.57% for MI-TLIF). This was likely due to a decrease in the incidence of durotomies. There were reports, however, of bowel injury and vascular injury, as well as a case of aortic thrombosis during LLIF.
52,106,112 Reports of intraoperative complications in the MI-TLIF group were variable, ranging from 0% to 10.8%. 34 Reoperation rates were not significantly different between MI-TLIF and LLIF groups (4.28% vs 3.74%). These data, however, could be affected by the relative youth of the LLIF procedure, with overall shorter follow-up times. Subsidence rates were extremely variable in the LLIF group, with reports as high as 58.2%. 54 Overall, this study found a subsidence rate of 10.8%. Clinical significance is not known at this time for minor subsidence. Wound complications had relatively low rates in both LLIF and MI-TLIF, although LLIF was significantly lower (0.80% for LLIF and 1.63% for MI-TLIF). The overall low wound complication rate for either approach is likely related to the small incisions associated with MIS procedures. A unique complication associated with LLIF was abdominal paresis, which has been well described in previous studies.
55,102
Overall, medical complications were not excessive with a 4.20% rate in LLIF patients and 5.00% in MI-TLIF patients. These rates did not differ significantly and may reflect the decreased blood loss and exposure-related morbidity of minimally invasive approaches.
There are several limitations to this study. The quality of data available is relatively poor, with a predominance of noncomparative retrospective studies. There were no randomized controlled trials or prospective comparative studies. Given the quality of studies, there is likely publication and selection bias, which could undermine the validity of the present study. There is also a measurement bias, as the studies differed in their definition and reporting of complications. Surgical techniques are variable among the included studies. For example, some studies for LLIF used stand-alone lateral cages, while others supplemented with posterior fixation. In addition, studies for MI-TLIF varied between unilateral and bilateral pedicle fixation. The follow-up time was variable among studies as well, which could affect reports of reoperation rates. In addition, the MI-TLIF group tended toward fewer levels being fused (1.11 levels for MI-TLIF vs 1.69 levels for LLIF), which suggests that the cases were less complex than in the LLIF group. Finally, several studies did not make specific mention of certain complications. In this study, it was assumed that those complications were not present rather than not reported for the primary outcome analysis. This is a potential source of bias. However, for the secondary outcomes analyses, these studies were eliminated and so would not have impacted the results.
conclusions MI-TLIF and LLIF both have acceptable complication profiles, although overall, there was a higher rate of complications per patient with LLIF. In regard to specific complications, LLIF had higher rates of sensory as well as temporary and permanent neurological symptoms, although rates of intraoperative and wound complications were less than those for MI-TLIF. Large, prospective comparative and ideally randomized studies are needed to confirm these findings as the current literature is of relatively poor quality. 
